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After recovering from COVID-19, a significant proportion of symptomatic and asymptomatic individuals develop
Long COVID. Fatigue, orthostatic intolerance, brain fog, anosmia, and ageusia/dysgeusia in Long COVID
resemble “sickness behavior,” the autonomic nervous system response to pro-inflammatory cytokines (Dantzer
et al., 2008). Aberrant network adaptation to sympathetic/parasympathetic imbalance is expected to produce
long-standing dysautonomia. Cervical sympathetic chain activity can be blocked with local anesthetic, allowing
the regional autonomic nervous system to “reboot.” In this case series, we successfully treated two Long COVID
patients using stellate ganglion block, implicating dysautonomia in the pathophysiology of Long COVID and
suggesting a novel treatment.

1. Introduction

The global pandemic caused by the SARS-CoV-2 virus has resulted in
millions of deaths and untold suffering worldwide. Most individuals
mount a sufficient immune response with an acute phase that clears the
virus and then resolves normally. In asymptomatic cases, unusually
robust inflammation is well-controlled and C reactive protein (CRP)
remains within normal range (Li et al., 2021) while an effective immune
response is mounted (Le Bert et al., 2021). In symptomatic cases, in-
flammatory cytokines and CRP rise dramatically and correlate with
disease severity, but return to normal within a few months following
resolution of infection regardless of COVID-19 severity (Sonnweber
et al., 2020). Time to resolution of symptoms may be prolonged in cases
with organ damage, but generally correlates with severity of disease
course. However, approximately 30% of symptomatic and 5% of
asymptomatic individuals who recover from acute infection develop a
distinct proinflammatory cytokine/chemokine profile (Patterson et al.,
2021) and experience a range of symptoms that persist indefinitely
(Logue et al., 2021). The constellation of symptoms, which can range
from mild to debilitating, is known colloquially as “Long COVID” and
formally as Post-Acute Sequelae of SARS-CoV-2 infection (PASC).
Symptoms can include fatigue, orthostatic intolerance, elevated resting
heart rate, shortness of breath, brain fog, sleep disturbance, fevers,
gastrointestinal symptoms, anosmia, dysgeusia, anxiety, and depression
according to the World Health Organization clinical case definition
(Soriano et al., 2021). Dysautonomia, specifically excessive sympathetic

* Corresponding author.

nervous system activity, has been implicated in comorbidities of severe
COVID-19 (Porzionato et al., 2020), short-term recovery from acute
COVID-19 (Stute et al., 2021), and Long COVID (Barizien et al., 2021;
Dani et al., 2021).

Sympathetic innervation to the head, neck, upper limbs, and upper
thoracic region including the thymus, heart, lungs and the lacrimal,
salivary, thyroid, and pineal glands is provided by the cervical sympa-
thetic chain, which consists of the superior cervical ganglion, middle
cervical ganglion, inferior cervical ganglion, and first thoracic ganglion.
In 80% of the population the inferior cervical and first thoracic ganglia
are fused to form the stellate ganglion. Injection of local anesthetic near
the stellate ganglion can block activity of the entire cervical sympathetic
chain, as evidenced by the physiological signs of a successful block
stellate ganglion block (SGB) collectively known as “Horner's Syn-
drome” which includes ipsilateral ptosis, meiosis, anhidrosis, and facial
flushing. SGB was described as early as the 1930s as a treatment for
reflex sympathetic dystrophy of the upper limbs (White, 1930). The
ability of the SGB to improve blood flow and deactivate sympathetic
tone has also been useful in the treatment of Raynaud's phenomenon and
hyperhidrosis in the upper limbs (Rickles, 1977). Currently SGB is
showing promise for treatment of post-traumatic stress disorder (Lipov
et al., 2012; Mulvaney et al., 2014), cardiac arrhythmia (Tian et al.,
2019), and hot flashes associated with cancer treatment and menopause
(Othman and Zaky, 2014; Rahimzadeh et al., 2018). Mechanisms for the
durable central nervous system effects of the SGB in these conditions are
unclear, delaying its broad acceptance as a valid treatment.
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In this case series, we report sustained positive clinical outcomes for
two Long COVID patients after treatment with SGB, identifying the
pathophysiology for their symptoms as a regional sympathetically
mediated dysautonomia and suggesting that SGB could be an effective
intervention for at least a subset of Long COVID patients.

2. Case presentation

A 42-year-old female who recovered from a non-critical course of
COVID with low oxygen saturation, fatigue, anosmia and dysgeusia,
presented to our clinic eight months after onset of illness. After recov-
ering from acute illness, she continued to experience debilitating fa-
tigue, mental fogginess, difficulty concentrating, elevated resting heart
rate, sleep disturbance, lack of appetite and food aversion due to
diminished and altered sense of taste and smell. She had been let go from
her job and was teaching four-hour CPR courses with difficulty, relying
on her teaching manual to recall facts and procedures previously well
known to her. The unpalatability of food had led to a 30-pound weight
loss that was continuing to progress.

The patient completed a numerical survey rating the severity of 13
common Long COVID symptoms at present (post-COVID), retrospec-
tively for pre-COVID baseline, and at relevant timepoints after treatment
(Fig. 1). We obtained appropriate consent and performed right-sided
SGB. The patient noted immediate improvement in ipsilateral anosmia
and dysgeusia as well as marked improvement in mental clarity and
concentration. Anosmia and dysgeusia persisted contralaterally. Two
days later we performed left-sided SGB. Immediately following the
procedure, she experienced improvement in ipsilateral anosmia and
dysgeusia, restoring olfactory and gustatory function bilaterally. After a
follow-up appointment the next day, she was able to drive home without
conscious effort to recall the route, demonstrating noticeable improve-
ment in memory. Two weeks after her second SGB, the patient reported
durable restoration of taste and smell, as well as refreshing sleep
resembling her pre-COVID baseline. Notably, she was able to teach a
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nine-hour course for CPR instructors without relying on written mate-
rial, demonstrating a drastic improvement in recall. These improve-
ments in symptoms were durable at 60-day follow-up (Fig. 1).

A 44-year-old female contracted COVID-19 approximately eight
months prior to presentation to our clinic for treatment of Long COVID.
Her initial COVID-19 symptoms were loss of smell and taste, mental
fogginess, headache, and dyspnea. Approximately one week after onset
of acute symptoms her headache worsened, prompting evaluation in the
ER but not hospitalization. Her headache symptoms dissipated over the
following two weeks, but she experienced declining cognitive function
and developed stuttering speech, significant cognitive impairment, and
right-sided paresis, prompting hospitalization and evaluation for MCV.
Her MRI demonstrated inflammation (symmetric increased FLAIR signal
within the temporal horns bilaterally extending along the ependymal
surfaces but not within the adjacent hippocampal complexes), but
neither stroke nor viral encephalitis. She was discharged with ‘sequelae
of COVID-induced ventriculitis’ as a leading consideration and pre-
scribed intense occupational, physical, and speech therapy for profound
memory deficits, speech impediment, impaired coordination, inability
to concentrate, and debilitating fatigue. Despite these therapies, she was
unable to continue her work as a special education teacher.

When the patient presented to our clinic after seven months of
therapy, she continued to experience debilitating fatigue and speech
impediment, and had returned only to limited duties and shortened
hours at work. She reported that ongoing dysgeusia had led to food
aversion and significant unintentional weight loss. She was experiencing
severe generalized body pain described as dull with pins and needles
that occasionally kept her bedbound. She noted that acute stress and
mental or physical exertion exacerbated her right-sided motor deficits,
fatigue, and cognitive issues. She also experienced intermittent head-
aches described as “crawling pain in my brain.”

After the patient completed assessment forms (Fig. 2) and provided
consent, we performed right-sided SGB followed by left-sided SGB the
following day. Within minutes of each procedure, the patient reported
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Fig. 1. Intensity of Long COVID symptoms over time. Data was collected retrospectively for Pre-COVID timepoint. NOTE: Y axis set to —1 to visualize a score of zero.
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Fig. 2. Intensity of Long COVID symptoms over time. Data was collected retrospectively for Pre-COVID timepoint. NOTE: Y axis set to —1 to visualize a score of zero.

drastic improvement in ipsilateral anosmia and dysgeusia. At three-day
follow-up she indicated that her physical and mental stamina had
improved significantly, allowing her to perform routine household ac-
tivities without debilitating lapses in memory. One week after treat-
ment, she began a new job as a high-school teacher and was able to teach
a full day of classes, which she states would have been impossible prior
to treatment. On follow-up at two weeks, the patient reported durable
resolution of stuttering and 75% improvement in all other symptoms. At
60-day follow-up she reported normal levels of fatigue and cognitive
function, durable restoration of smell and taste, and absence of post-
exertional malaise (Fig. 2).

3. Discussion

This case series describes the improvement of Long COVID symptoms
after local anesthetic blockade of the cervical sympathetic chain bilat-
erally in two patients, suggesting that a regional sympathetically
mediated process is involved in the maintenance of their Long COVID
symptoms. This supports the theory that dysautonomia underlies the
pathophysiology of at least a subset of Long COVID/PASC patients. The
autonomic nervous system provides complex bidirectional communi-
cation between the immune system and the nervous system. Feedfor-
ward loops allow rapid response to infection, while feedback loops
prevent damaging levels of inflammation (Tracey, 2009). Conditions
that “preload” the sympathetic nervous system toward inflammation, (e.
g., hypertension, obesity, diabetes) predispose catastrophic failure of
this feedback loop, resulting in damaging cytokine levels seen in severe
COVID-19 (Porzionato et al, 2020). The dysregulated neuro-
inflammatory state observed in Long COVID (Patterson et al., 2021)
represents a subtler form of dysautonomia that appears to be responsive
to SGB.

The vagus nerve reports levels of catecholamines and cytokines to
the brainstem, where multiple signals are integrated into behavioral
responses (Dantzer et al., 2008), including sickness behaviors that

overlap significantly with Long COVID symptoms. Alterations in auto-
nomic processes regulating homeostasis are appropriate during acute
infection, but persistent sympathetic hyperactivity may result in
neuronal adaptation that manifests as persistent dysautonomia similar
to that seen in complex regional pain syndrome (CRPS)—in which an
acute tissue injury produces long-standing vasomotor dysfunction,
neurogenic inflammation, and aberrant neuroplasticity in the affected
body region. While CRPS is usually associated with a limb, Long COVID
seems to predominantly affect the brain. We believe that SGB-induced
sympathectomy produces its beneficial effects in Long COVID by
attenuating chronic sympathetic hyperresponsiveness, improving cere-
bral and regional blood flow, and recalibrating the autonomic nervous
system toward pre-COVID homeostasis.

Whether or not SARS-CoV-2 is neuroinvasive is an open question
(McQuaid et al., 2021). Although it can infect human brain organoids
(Song et al., 2021), neuroinvasion appears uncommon except in severe
COVID-19. Moreover, detection of virus in brain tissue following death
from severe COVID-19 did not correlate with the degree of neuropa-
thology (Matschke et al., 2020). The rapid resolution of symptoms after
SGB makes cytopathic effect unlikely. It is possible that damage and
structural recovery has taken place but the system needs to “reboot” to
produce functional recovery.

Cerebral blood flow (CBF) in humans is affected by a variety of inputs
and regulated by sympathetic fibers extending from the cervical sym-
pathetic chain. Impaired CBF is associated with dysautonomia syn-
dromes that share symptoms with Long COVID, namely myalgic
encephalitis/chronic fatigue syndrome (ME/CFS) and postural ortho-
pedic tachycardia syndrome (POTS). Compared to healthy controls, ME/
CFS patients ubiquitously display reduced CBF and impaired cognitive
function during orthostatic testing (van Campen et al., 2020a; van
Campen et al., 2020b; Medow et al., 2014); impairment of CBF resto-
ration is linearly related to disease severity (van Campen et al., 2021).
After strenuous mental tasks, CBF fails to recover normally in regions
involved in memory, goal-oriented attention, and visual function (Staud
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et al., 2018). Similarly, impaired CBF and cognitive dysfunction are
observed in POTS patients with orthostatic challenge and with a pro-
longed cognitive stress test (Wells et al., 2020).

Both SGB (Kang et al., 2010) and cervical ganglionectomy (ter Laan
et al., 2013) increase CBF under normotensive conditions. Providing
luxury perfusion (blood flow in excess of local metabolic requirements)
should alleviate symptoms associated with impaired CBF. Improvement
in anosmia after SGB has been reported previously, although the
mechanism is unknown (Moon et al., 2007; Park et al., 2013; Moon
et al., 2013). The immediate improvements in taste and smell reported
by our patients may be due to increased CBF to brain structures
responsible for these senses, or increased perfusion of the facial areas
where the peripheral receptors for these senses reside. However, ther-
apeutic duration of SGB is clinically observed to extend beyond that of
local anesthesia, indicating mechanisms other than initial augmentation
of regional blood flow by transient sympathectomy. Possibilities may
include local recalibration of regional sympathetic influence, central
integration of the effects of increased CBF, or rebalancing of the inter-
action between the nervous and immune systems. Investigation of the
mechanism for the durable improvement of symptoms in our patients is
beyond the scope of this clinical observation report, but is urgently
warranted.

4. Conclusion

The stellate ganglion block has been used for nearly a century to treat
a variety of sympathetically mediated medical conditions. Its safety
profile is well established. Its application in treating Long COVID/PASC
is novel but promising. The lack of effective treatments for Long COVID/
PASC makes the SGB an attractive therapeutic modality that deserves
further investigation.
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